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ASSEMBLAGE ORGANIZATION IN STREAM FISHES: EFFECTS OF
ENVIRONMENTAL VARIATION AND INTERSPECIFIC INTERACTIONS
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Abstract. We assessed the relative importance of environmental  variat ion,  interspecific
competit ion for space,  and predator abundance on assemblage structure and microhabitat  use
in a stream fish assemblage inhabiting Coweeta Creek, North Carolina, USA. Our  study en-
compassed a lO-yr  t ime span (1983-1992) and included some of the highest  and lowest  f lows
in the last 58 years. We collected 16 seasonal samples which included data on: (1) habitat
availabil i ty ( total  and microhabitat)  and microhabitat  diversi ty,  (2) assemblage structure ( i .e . ,
the number and abundances of species comprising a subset of the community), and (3) tnicro-
habitat  use and overlap.  We classif ied habitat  availabil i ty data on the basis  of  yean  season, and
hydrologic period. Hydrologic period (i .e. ,  pre-drought [PR],  drought [D],  and post-drought
[PO])  represented the temporal location of a sample with respect to a four-year drought that
occurred during the study. Hydrologic period explained a greater amount of variance in habitat
availabil i ty data than ei ther season or year.  Total  habitat  availabil i ty was significantly greater
during PO  than in PR or D. although microhabitat diversity did not differ among either seasons
or hydrologic periods.  There were significantly fewer high-flow events (i.e., 12.1  m-l/s)  during
D than in ei ther  PR or  PO periods.  We observed a total  of  16 species during our invest igation,
and the total  number of  species was signif icantly higher in D than in PR samples.  Correlat ion
analyses between the number of species present (total  and abundant species) and environmental
data yielded limited results, although the total number of species was inversely correlated with
total habitat availability. A cluster analysis grouped assemblage structure samples by hydrologic
period rather than season or year,  supporting the contention that  variat ion in annual  f low had -
a strong impact on this assemblage.  The drought had l i t t le  effect  on the numerical  abundance
of benthic species in this assemblage; however,  a majority of water-column species increased
in abundance. The increased abundances of water-column species may have been related to
the decrease in high-flow events observed during the drought.  Such high-flow events are known
to cause mortal i ty in stream fishes.  Microhabitat  use data showed that  species belonged to one
of three microhabitat  guilds:  benthic,  lower water column. and mid water column. In general ,
species within the same guild did not exhibit statistically distinguishable patterns of microhabitat
use, and most significant differences occurred between members,of different guilds.  However,
lower water-column guild species frequently were not separable from all members of either
bent&  or mid-water-column species.  Variat ions in the abundance of potential  competi tors or
predators did not  produce strong shir ts  in microhabitat  use by assemblage members.  Predators
were present in the si te in only 9 of 16 seasonal samples and never were abundant (maximum
number observed per day was 2).  In conclusion,  our results  demonstrate that  variabil i ty in both
mean and peak flows had a much stronger effect on the structure and use of spatial resources
within this assemblage then either interspecific competition for space or predation. Consequently,
we suspect that the patterns in both assemblage structure and resource use displayed by fishes
in Coweeta Creek arose from the interaction between environmental variation and species-
specif ic  evolut ionary constraints  on behavior ,  morphology,  and physiology.

Key words: community organization; droughts:J?oods;  interspecific competition: microhabitat use:
predation: resource partitioning: spatial resources.

INTRODUCTION mechanisms. The three most common organizational
The structural  and functional properties of ecological mechanisms appear to be resource limitation, environ-

assemblages may be determined through a variety of mental variability, and predation (Connell 1978, Gross-
man et al. 1982, Menge and Sutherland 1987). In hab-
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Graves 1996). Assemblage structure in these systems
tends to be relatively stable or correlated with changes
in resource availability (Grossman et al. 1982). and
species minimize the deleterious effects of interspecific
competition by minimizing overlap on limiting re-
sources. Conversely, the structure and resource use pat-
terns of assemblages commonly subjected to intense
and unpredictable environmental fluctuations are pre-
dominantly determined by the interaction between a
given disturbance and species-specific evolutionary
constraints on behavior, morphology, and physiology
(McIntosh 1995). Assemblage structure may vary sub-
stantially in these systems, and species commonly ex-
hibit considerable overlap in resource use. Coexistence
with high resource overlap is possible within these as-
semblages, because environmental variation is suffi-
ciently intense to reduce species abundances to levels
below which resource limitation occurs, or shifts com-
petitive advantages from one species to another (Gross-
man et al. 1982, Pickett  and White 1985, McIntosh
1995). Finally in predator mediated systems, assem-
blage structure and patterns of resource use vary in
concert with predator abundance (Paine 1966, Menge
and Sutherland 1987). Typically, species richness and
resource overlap are higher when predators are present,
because they preferentially prey on dominant compet-
itors who would otherwise exclude inferior competitors
(Paine 1966, Menge and Sutherland 1987).

Because of their inherent variability, temperate
streams are ideal systems for examining the relation-
ship between environmental variation, assemblage
structure, and resource use. Precipitation patterns over
much of temperate North America are sufficiently vari-
able so that organisms in streams may be subjected to
both fioods and droughts during their lifetime (Poff and
Ward 1989). Thus, the stream biota may frequently be
exposed to sources of mortality that are relatively un-
predictable (Grossman et al. 1982). A consequence of
this phenomenon is that the structure of stream fish
assemblages may vary substantially, a result reported
by investigators on at least four continents (Mills and
Mann 1985. Grossman et al 1990, Pusey et al. 1993,
Hugueny .et al. 1995). Such fluctuations suggest that
resource limitation may not play as strong a role in the
maintenance of assemblage structure or patterns of re-
source use within stream fish assemblages as it may in
more stable systems.

Although environmental variation may have a sig-
nificant impact on both assemblage structure and re-
source use within many stream assemblages, its im-
portance as an organizational mechanism is not uni-
versal. For example, fishes in some streams exhibit
relatively stable abundances (Ross et al. 1985. Mat-
thews et al. 1988, Meffe and Berra 1988). In addition,
several investigators suggest that partitioning of lim-
iting spatial resources is an important mechanism for
coexistence of stream fishes (Gorman and Karr 1978,
Paine et al. 1982, Wynes and Wissing 1982). although,

Baltz and Moyle (1993) have shown that such segre-
gation is not necessarily linked to resource limitation.
Nonetheless, Fausch and White (1981). Baltz et al.
(1982). Gorman (1988~).  and Greenberg (1988) all
have documented the presence of competitively in-
duced microhabitat shifts in pairs of coexisting stream
fishes. Finally, multiple investigators have shown that
predators may strongly affect: (1) assemblage structure
(Garman and Nielsen 1982, Lemly 1985, Gilliam et al
1993), (2) resource use (Power et aLl985,  Fraser et
al. 1987, Harvey 1991, Harvey and Stewart 1991). and
(3) trophic structure (Power 1992) within lotic  habitats.
Consequently, at present we are unable to generalize
about the mechanisms controlling assemblage structure
and resource use within stream fish assemblages.

We assessed the relative effects of environmental
variation, habitat limitation, and predator abundance
on assemblage structure, microhabitat use, and micro-
habitat overlap in an assemblage of stream fishes in
Coweeta Creek, North Carolina, USA. We did not
quantify the effects of food limitation, because Stouder
(1990) examined this phenomenon in both drought and
non-drought seasons and concluded that neither food
limitation nor interspecific interactions played a sig-
nificant role in the use of trophic resources within this
assemblage. Our investigation encompassed a IO-yr
time span (1983-1992) and included years with some
of the highest and lowest annualized mean daily flows
in the last 58 years (e.g., the high water years of 1989,
1992, and 1990 ranked 4th (0.378 mVs). 5th (0.375 mY
s),  and 6th (0.364 mYs) in Bow, whereas the drought
years of 1986 and 1988 ranked 58th (0.152 m3/s)  and
57th (0.155 mVs) respectively, Grossman et al. 1995~).

Our analyses has two main parts. The first is a de-
scriptive section which summarizes long-term patterns
of: (1) environmental variation, (2) assemblage struc-
ture, (3) intraspecific numerical abundance, and (4)
spatial resource use by assemblage members. The sec-
ond is a synthetic portion in which we-use these results
to test nine hypotheses regarding the relative impor-
tance of resource limitation (i.e., total habitat or mi-
crohabitat), environmental variation, and predation as
mechanisms determining assemblage structure and pat-
terns of resource use within this assemblage. Specifi-
cally, if total habitat or microhabitat availability or mi-
crohabitat diversity are the primary factors limiting the
species in this assemblage, the following hypotheses
should be confirmed: (1) aside from seasonal cycles in
reproduction and recruitment, assemblage structure and
intraspecific numerical abundances of species should
not be strongly affected by environmental variation,
(2) there should be a positive relationship between the
number of species present and total habitat or micro-
habitat availability, or microhabitat diversity, (3) mi-
crohabitat overlap among species should be low. (4)
microhabitat overlap should be inversely correlated
with the number of species present and positively cor-
related with both total habitat and microhabitat avail- ‘.
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ability, and (5) changes in the abundance of potential
competitors should induce shifts in microhabitat use in
the remaining species. Conversely, if environmental
variability restricts populations to levels below which
habitat limitation (i.e., total habitat or microhabitat)
occurs, then Hypotheses l-4 should be falsified and
the following hypotheses should be confirmed: (6)
there should be a strong correlation between changes
in assemblage structure (and intraspecific numerical
abundances) and environmental variation (this predic-
tion is basically the converse of Hypothesis 1).  (7) the
number of species present should not necessarily be
correlated with changes in either total habitat or mi-
crohabitat availability (this prediction is the null hy-
pothesis of Hypothesis 2).  and (8) microhabitat use and
overlap should not be strongly affected by changes in
the number of species present, either total habitat or
microhabitat availability, or microhabitat diversity. Fi-
nally, if predation in a significant organizational mech-
anism for this assemblage, then assemblage structure,
microhabitat use, and microhabitat overlap should be
strongly correlated with predator abundances (Hypoth-
esis 9).

ME T H O D S

This analysis extends a previous study by Grossman
and Freeman (1987). conducted during the years of
1983-1984. Because these data have been presented
previously, we have included them only when aeces-
wry.

The s tudy  s i te

Our study.area  was a 37-m section of Coweeta Creek,
a fifth-order stream located in western North Carolina.
Based on previous studies, the length of this site should
have been sufficient to include the home ranges of the
most abundant species (Whitworth and Strange 1983,
Hill and Grossman 1987, Petty and Grossman 1996).
a prerequisite for studies of assemblage organization
(Grossman et al. 1982). The site contains a series of
riffle-run-pool habitats, and is visually similar to many
other streams in the southern Appalachian region. Ri-

’ parian vegetation is dominated by rosebay rhododen-
dron (hdodendron  maximum), dogwood (Comus
florida),  mountain laurel (Kalmia  latifolia)  and witch-
hazel (Hammamelis  virginiana).

Environmental  var ia t ion

To assess the level of environmental variation pres-
ent in the study site we quantified microhabitat avail-
ability (seasu Grossman and Freeman 1987) on a sea-
sonal basis. This information was required for both
descriptive and synthetic (i.e., Hypotheses l-9) aspects
of our study. To quantify microhabitat availability, we
measured the following variables: average velocity,
depth, and the percentage composition of seven sub-
stratum categories (bedrock, boulder, cobble, gravel,
sand, silt, and debris) in randomly selected 400-cm2

quadrats  (Grossman and Freeman 1987). In the first
sample, we measured 427 quadrats  in the site, (see
Grossman and Freeman 1987). however, in subsequent
samples the number of quadrats  examined ranged from
30 to JO.  We were able to reduce the number of quadrats
examined per sample based on Grossman and Free-
man’s (1987) findings regarding sample adequacy,
combined with a subjective evaluation of microhabitat
diversity in the site. During the course of the study we
collected availability data on a single day, either during
a two- to four-week period over which we made fish
microhabitat measurements (Summer 1983-Autumn
1984). or at the end of shorter (i.e., approximately one
to two week) fish measurement periods (Summer 1986
Autumn 1992). Dates of data collection for both fish
microhabitat use and microhabitat availability mea-
surements and their assignment to sample follow: Sum-
mer 1983, 11 July’ to 10 August; Autumn 1983, 26
October to 9 November; Spring 1984.22 March to 24
April; Summer 1984, 5 July to 18 August; Autumn
1984.26 September to 1 November; Summer 1986.20
August to 15 September; Autumn 1986, 9 November
to 18 November; Spring 1988, 28 April to 27 May;
Summer 1988.5 August to 18 August; Summer 1989,
8 August to 10 August; Autumn 1989, 13 October to
19 October; Spring 1990.26 April to 11 May; Summer
1990, 4 August to 19 August; and Autumn 1990. 16
October to 1 November; Summer 1992, 26 August to
1 September: and Autumn 1992.27 October. To further
elucidate the role of environmental variation we also
classified samples in relation to the drought of 1985-
1988: (1) pre-drought (PR) (Spring 1984, Summer
1983, 1984, and Autumn 1983.1984). (2) drought (D)
(Spring 1988. Summer 1986.1988, Autumn 1986), and
(3) post-drought (PO) (Spring 1990, Summer 1989,
1990, 1992, Autumn 1989. 1990. 1992). References to
hydrologic periods refer to these classifications. A se-
vere storm occurred prior to the collection of micro-
habitat availability data for the Autumn 1986 sample;
hence, we did not include data from this sample data
in analyses requiring microhabitat availability data. We
also did not conduct sampling in 1985, 1987, or 1991.

Current velocity and substratum composition were
measured in each quadrat using the techniques de-
scribed in Grossman and Freeman (1987). We measured
velocities to the nearest centimeter per second using a
Marsh-McBimey electronic current meter. Average ve-
locity was obtained at 0.6 X water-column depth for
depths ~75  cm (Bovee and Milhous 1978). For deeper
quadrats. we calculated average velocity as the mean
of measurements made at 0.2 and 0.8 X water-column
depth (Bovee and Milhous 1978). Depth was measured
to the nearest centimeter and a visual estimate made
of the percentage contribution of each substratum cat-
egory to the total composition of the substratum. We
based substratum categories on maximum particle di-
mensions: bedrock, >30 cm without exposed edges or
undersurfaces; boulder, >30 cm with exposed edges * *
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and undersurfaces: cobble, ~30  cm and ~2.5  cm; grav-
el, s2.5  cm and 20.2  cm: sand, CO.2 cm: and silt,
material that was readily suspendable in the water col-
UIIlll.

Macroscopic organic material was classified as de-
bris, regardless of size. We also made a single water
temperature measurement in the study si te during each
sample using a mercury thermometer. Additional tem-
perature measurements (t0.5”C)  were made in a lo-
cation slightly upstream from the site using a contin-
u&rsly  recording submersible thermograph.

Because the primary manifestation of environmental
variation in streams involves changes in streamflow
(i.e., Roods and droughts), we obtained stream dis-
charge data from the U.S.D.A Forest Service Coweeta
Hydrologic Laboratory, Macon County, North Caro-
lina. We used data from Weir 8, which drains Shope
Fork, one of two fourth-order tributaries (the other is
Ball Creek) of similar size that unite to form Coweeta
Creek. During our study the correlation (r) between
monthly estimates of mean daily flows for Shope Fork
and Ball Creek was 0.99. Our study site was located
downstream of the confluence of Shope Fork and Ball
Creek, and there were no intervening tributaries. We
used gaging data from Weir 8 to determine the fre-
quency of high water events in Coweeta Creek. Be-
tween 1982 and 1992, annualized mean daily flows at
Weir 8 averaged 0.28 m3/s  (range: 0.152-0.378 m3/s.
Grossman et al. 1995~). After examining flow recur-
rence interval data, we arbitrarily classified all flows
22.1  m3/s  as high-flow events. An event of this mag-
nitude represents slightly greater than bank-full dis-
charge, and using the annual maximum series, had a
recurrence interval of -1 yr (L. Swift, Coweeta Hy-
drologic Laboratory, personal  communicat ion) .  We ex-
amined differences in the frequencies of high-flow
events on the basis  of  both season and hydrologic pe-
riod using Kruskal-Wallis tests coupled with ‘lWtey-
Kramer a posteriori tests (P = 0.10). These data con-
sisted of the number of high-flow events during each
season across years, and the number of high-flow
events during a given year within a hydrologic period.
Seasonal ,fIow  data were collected as part of a concur-
rent  populat ion dynamics  s tudy whose sampling regime
necessitated use of the following seasonal classifica-
tions: (1) Winter, 3 December to 4 March; (2) Spring,
5 March to 3 June; (3) Summer, 4 June to 2 September,
and (4) Autumn, 3 September to 2 December. We used
environmental  data to test  aspects  of  Hypotheses 1,2,
4, and 6-8.

We tested for seasonal changes in microhabitat  avail-
ability by conducting a principal component analysis
(PCA) on pooled seasonal availability data using the
methods of Grossman and Freeman (1987). Compo-
nents that  had eigenvalues 11 .O and were ecologically
interpretable were retained for further analyses. Hence,
our use of the term microhabitat availability represents
a multivariate characterization of the physical habitat
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of the site in a given sample. We then tested for sig-
nificant differences in mean seasonal PCA scores (i.e.,
Spring vs. Summer vs. Autumn) on each component
using Kruskal-Wallis  tests and Tukey-Kramer a pos-
teriori tests. An identical procedure was used to ex-
amine differences based on hydrologic period. Our
abi l i ty  to  es t imate  substra tum composi t ion was judged
to be 22%  of the actual total. Consequently, we did
not consider differences in substratum composition to
be significant  unless they differed by at  least  this  value.

Effects of environmenta l  var ia t ion ,  habi ta t  l imi ta t ion ,
and predat ion  on assemblage  s t ruc ture

To quantify the effects of season, year, and hydro-
logic period on assemblage structure,  we estimated the
numerical abundances of fishes visualIy  while making
fish microhabitat use measurements. We used an or-
dinal scale where 0 = 0 specimens observed, 1 = l-
5 specimens observed, 2 = 6-10 specimens observed,
3 = 11-20 specimens observed, and 4 = ~20  speci-
mens observed.

We tested hypotheses involving the effects of both
environmental variation and habitat limitation on as-
semblage structure (Hypotheses 1.2,. 6.7) by first test-
ing for significant differences in the total number of
species per microhabitat sample and the number of
abundant species (i .e. ,  only those with abundances 25
per seasonal microhabitat sample) per sample among
both seasons and hydrologic periods. Kruskal-Wallis
and Tukey-Kramer tests  were used for hypothesis  test-
ing  (P = 0.05). We then conducted correlation analyses
(using Spearman’s r) on sample means of: (1) water
temperature, (2) total habitat and microhabitat avail-
ability, (3) microhabitat diversity, (4) total number of
species, and (5) the number of abundant species in a
sample. Mean water-column depths from microhabitat
availabil i ty samples were used as an index of total  hab-
itat availability (Hypotheses 2 and 7). Mean water-col-
umn depth probably is  a  good index of  the total  amount
of habitat  available to f ishes,  because the si te does not
contain extensive shallows. (If  extensive shallows were
present, total habitat availability could be inversely
correlated with mean depth if a random sampling re-
gime was used.) We tested the species richness-micro-
habitat availability hypothesis (Hypothesis 2 and 7).
by comparing the total  number of  species and the num-
ber of abundant species to mean sample scores on in-
dividual components (i.e., PCl,  PC2. or PC4) from the
PCA of seasonal microhabitat availability data. To
quantify microhabitat diversity, we first calculated the
standard deviation of each seasonal  microhabitat  avail-
abi l i ty  sample on each signif icant  pr incipal  component .
and then summed these values to produce a s ingle num-
ber. We also performed this analysis with two alter-
native measures of habitat diversity: (1) one that also
included a correction factor that incorporated the vari-
ance in microhabitat  availabil i ty data explained by each
component, and (2) one based on the unsummed Stan:’
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dard deviations for each significant component (i.e., a
separate analysis for each component). These analyses
yielded results that either were nonsignificant (indi-
vidual SDS) or were virtually identical to those of the
original analysis; hence, for simplicity we present re-
sults only for the original analysis. Spearman’s r (r,)
was used for all correlation analyses with P = 0.10.
We chose a higher value of significance for correlation
analyses due to the inherently greater variability of the
environmental data being compared (Zar 1974. Gross-
man 1982). The same criterion was used when we test-
ed for significant differences in: (1) the total number
of species and number of abundant species, (2) total
habitat availability, or (3) microhabitat diversity across
seasons or hydrologic periods (Hypotheses 1, 2, 7).

To quantify long-term pat&ems of assemblage struc-
ture, and compare these results to seasonal and hydro-
logic variations in total habitat availability (i.e., Hy-
potheses 1 and 6). we subjected numerical abundance
estimates from samples to a cluster analysis using the
Unweighted Pair-Group Means algorithm (UPGM) of
SAS (1982). We quantified assemblage similarity
among seasonal samples using the correlation coeffi-
cient option of UPGM (Romesburg 1984). To test for
potential predator effects on assemblage structure, we
also compared the results of the cluster analysis to the
seasonal distribution of potential predators in the site
(i.e., Oncorhynchus  my&iss 220 cm standard length
[SL], and Ambloplites rupestris  and Semotilus atro-
maculatus  215 cm SL).

Efects of environmental variation. habitat limitation,
and predat ion on microhabi ta t  use  and  over lap

To test the predictions of the various organizational
mechanisms with respect to microhabitat use and over-
lap, we quantified microhabitat use by assemblage
members using the methods of Grossman and Freeman
(1987) (see above for sampling dates), We began by
entering the site from a position below its downstream
border, snorkeling slowly up&am,  and then recording
the positions of undisturbed specimens. Microhabitat
use measurements were obtained only during daylight
hours, because these species appear to be either rela-
tively inactive at night, or occupy similar microhabitats
(J. Hill, J. Barrett, A. Thompson, and G. Grossman,
personal observation). Disturbed fishes exhibited agi-
tated behavior or escape responses, which made them
readily recognizable. Our presence did not appear to
strongly affect fish behavior, and specimens fed, held
position, and occasionally displayed courtship behav-
ior, within 25 cm of the diver. This was true for even
the wariest species (i.e., 0. mykiss). Consequently, we
do not believe that our measurement techniques sig-
nificantly influenced microhabitat use of the fishes ob-
served. Underwater observational techniques have
been used for comparable purposes in a variety of lotic
systems (e.g., Moyle and Senanayake 1984, Gorman
1988a. Greenberg 1991):

Once we located an undisturbed fish, its position was
recorded and the following measurements taken: av-
erage velocity, focal point velocity (i.e., at the fishes’
position), distance from substratum, distance from
shelter (Grossman and Freeman 1987), and depth. We
visually estimated the percentage composition of seven
substratum categories (bedrock, boulder. cobble, grav-
el, sand, silt, and debris) in a 400-cm2 area, directly
under the specimen. The methods used for substratum
and average velocity measurements were identical to
those used for microhabitat availability measurements.

We evaluated the relative importance of habitat lim-
itation and environmental variation to microhabitat use
and overlap (i.e., Hypotheses 3. 4, 7, 8) by first sub-
jecting data from fish microhabitat use samples to a
canonical analysis of discriminants (CAD) (see Gross-
man and Freeman 1987, Grossman and de Sostoa
1994a, b). This technique produced multivariate axes
which maximized the among-group (i.e., interspecific)
separation of species in microhabitat space. All axes
with variance ratios al.0 were retained. We then used
Kruskal-Wallis  and ‘Arkey-Kramer a posteriori tests to
detect significant interspecific differences in microhab-
itat use (i.e., mean score on each canonical axis) within
each data set. We considered microhabitat overlap to
be high if there were few significant interspecific dif-
ferences in microhabitat use on the CAD axes. Con-
versely, we classified microhabitat overlap as low when
most species differed significantly in their mean CAD
scores. These results were then used to test Hypothesis
3 (i.e., do species generally exhibit low levels of mi-
crohabitat overlap?). Because prior research indicated
that these species belonged to microhabitat guilds de-
termined by their respective evolutionary histories
(Grossman and Freeman 1987), we quantified changes
in microhabitat overlap by calculating the mean per-
centage of significant intra-guild differences in each
seasonal sample. This index was derived by dividing
the number of significant differences within a guild in
seasonal CAD’s by the total number of possible dif-
ferences. These values were summed and then divided
by the number of guilds present in a seasonal sample.
If microhabitat overlap was high, then the index pro-
duced low values (e.g., C40%,  range: O-100%).  Con-
versely, if most species segregated on the basis of mi-
crohabitat use (i.e., were habitat limited), then the index
yielded high values (e.g., >70%).  We employed these
data to test Hypotheses 3, 4, and 8, which predict re-
lationships between microhabitat overlap and (1) spe-
cies richness, (2) microhabitat availability, and (3) mi-
crohabitat diversity. Spearman’s r (P = 0.10) was used
for hypothesis testing.

EfJkcts  of poten t ia l  compet i tors  on  microhabi ta t  use

To ascertain whether the presence of potential com-
petitors affected either microhabitat use or overlap (Hy-
pothesis 5).  we initially compared mean CAD scores
of microhabitat use data for a given species across sea-* -
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sons when a potential competitor varied in abundance.
Unfortunately, the CAD did not extract any significant
components (all variance ratios < 1.0) despite many
significant differences in univariate data. Rather than
reanalyze these intercorrelated data variable by vari-
able, we chose to perform a PCA which did yield in-
terpretable results. We assigned seasons to one of three
competitor abundance classes: (1) seasons in which the
abundance of a potential competitor was rare (R) in
comparison to the species being examined (i.e., from
O-24%),  (2) seasons in which the potential competitor
was present at intermediate (I) abundance (i.e., 25-49%
of the species being examined), and (3) seasons in
which the potential competitor was common (C) (i.e.,
~50%  of the species being examined). The assignment
of seasons into one of three competitor abundance
classes meant that seven significant statistical outcomes
were possible: (1) rare differed significantly from in-
termediate (i.e. rare # intermediate), (2) rare Z com-
mon, (3) intermediate Z common, (4) rare and inter-
mediate # common, (5) rare and common # inter-
mediate, (6) rare f intermediate and common, and (7)
rare Z intermediate Z common. However, only four of
these results (2. 4.  6, and 7) were consistent with the
potential effects of interspecific competition. Conse-
quently, these are the only outcomes presented in the
results. We used Kruskal-Wallis  tests combined with
-key-Kramer  a posteriori tests to identify significant
differences in a species mean PCA score among sam-
ples when a potential competitor varied in abundance
(i.e., R vs. I vs. C). If a signiticant  difference was
observed, we then compared this result to: (1) micro-
habitat availability data for senaons that differed in
competitor abundance and (2) length-related micro-
habitat use data (Grossman and Freeman 1987, Gross-
man and Ratajczak 1998) to determine whether the ob-
served shift could be unambiguously attributed to the
presence of the competitor. A graphical example of
these comparisons is presented in Fig. 1. When sig-
nificant length-related effects are reported in our re-
sults, it should be understood that these findings are
contained in a companion paper (Grossman and Ra-
tajczak 1998)that focuses on the descriptive aspects
of microhabitat use by assemblage members (i.e., non-
random microhabitat use, and seasonal, hydrologic, and
length-related variations in microhabitat use). Finally,
we compared the raw data among seasons with different
competitor abundances to ensure that these differences
were both ecologically interpretable and within our es-
timated detection range (substratum differences >2%).
When a difference in a substratum measurement was
not >2%,  we retained the variable in our tabular pre-
sentation of PCA data (Appendix A, Table 4), but did
not describe it in the text.

Effects of poten t ia l  preda tors  on  microhabi ta t  use

To assess the relationship between predation and mi-
crohabitat use (Hypothesis 9). we compared microhab-
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FIG. 1. A graphical representation of hypothetical cx-

amples  of microhabitat shifts by a species. The axes depict
principal components that represent either microhabitat use
by a fish species (microhabitat use data) or microhabitat avail-
ability data (from random quadrats), from samples that dif-
fered in competitor abundance: (R = competitor rare (i.e.,
competitor abundance =0-24% of the species being exam-
ined), I = competitor intermediate (i.e., competitor abun-
dance =25-49%  of species being examined). C = competitor
common (i.e., competitor abundance MO%  of species being
examined). Panel A depicts shifts that were produced by
changes in microhabitat availability (i.e., competitor shifts
concordant with microhabitat availability shifts). Panel B
shows true competitor-linked shifts (i.e., competitor shifts not
concordant with microhabitat availability shifts). A similar
approach was used to detect shifts that were attributable to
changes in the mean length of fishes, and predator effects.

itat use of fishes in samples when potential predators
were both present and absent using CAD. Because the
daily abundance of predators in the site only ranged
from zero to two, we classified samples on the basis
of predator presence/absence rather than by numerical
abundance. The CAD also failed to extract significant
axes from this data set, so we again employed PCA to
examine our results. We compared mean PCA scores
for seasons when predators were both present and ab-
sent using Mann-Whimey tests followed by Tukey-Kra-
mer a posteriori tests, If significant differences were
observed, we then compared these results to: (1) mi-
crohabitat availability data for seasons when predators
were both present and absent and (2) length-related
microhabitat use data (Grossman and Freeman 1987.
Grossman and Ratajczak 1998) to ensure that the ob-
served shifts were related to the presence of predators.

.
*.’

‘ F
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As with assemblage structure analyses, we considered
the following species to be potential predators: 0. my-
kiss ~20 cm standard length (SL), and A. rupestris and
S. atromaculatus ~15  cm SL. We did not include ter-
restrial or avian predators in analyses, because they
were rare (see Grossman and Freeman 1987).

RE S U L T S

Environmental  var ia t ion

Water temperatures differed among years within a
season (Table 1). Temperatures during Spring 1988 and
1990 were significantly warmer than those of Spring
1984. Summer 1988 and 1990 temperatures were sig-
nificantly warmer than those of Summer 1989 and
1992, whereas water temperatures in Autumn 1984
were warmer than those of Autumn 1983 and 1990. In
general, the drought only produced moderate increases
in water temperature. It is also likely that some of the
observed differences observed were due to disparities
in sampling dates (i.e., Spring and Autumn data, Table
1).

Microhabitat availability data demonstrated that the
site displayed significant amounts of environmental
variation during our study. The PCA extracted four
significant components that explained 68% of the vari-
ance in the microhabitat availability data set. Only
components one and four, however, produced ecolog-
ically interpretable information for seasonal microhab-
itat data (Table 2). Component one showed that Spring
samples possessed the highest velocities, greatest
amounts of cobble and gravel, and lowest quantities of
depositional substrata, whereas Summer samples ex-
hibited the lowest velocities, lowest quantities of gravel
and cobble, and highest amounts of depositional sub-
strata (Table 2). Autumn samples displayed interme-
diate values for these parameters, and did not differ
significantly from either Spring or Summer samples.
Component four indicated that Summer samples pos-
sessed shallower depths with higher amounts of boul-
ders than Autumn samples. Seasonal habitat availabil-
ity analyses probably were affected by unequal sam-
pling effort (e.g., Autumn data did not include any D
samples).

Our analyses of hydrologic period data indicated that
PO samples had the highest velocities, greatest amounts
of large erosional substrata, and lowest quantities of
depositional substrata (Table 2). Conversely, D samples
had the lowest velocities, lowest quantities of erosional
substrata, and the greatest amounts of depositional sub-
strata. Pre-drought samples were intermediate between
D and PO samples, although they did not differ sig-
nificantly from D on component 1 (Table 2). Hydro-
logic analyses produced a greater number of significant
differences among samples (i.e., 5 of 6) than seasonal
analyses (2 of 6, Table 2). This suggests that hydro-
logically linked environmental variation had a greater

.

impact on microhabitat avaiiability than did seasonal
patterns of variation.

Despite the substantial level of environmental vari-
ability observed within the site, there were few appar-
ent temporal trends in total habitat availability or mi-
crohabitat diversity (Fig. 2). Neither of these param-
eters varied significantly on a seasonal basis. Total hab-
itat availability was significantly greater during PO
than in either PR or D samples (P = 0.07). There were
no significant differences in microhabitat diversity dur-
ing the three hydrologic periods. Water temperature
was negatively correlated with depth (r,  = -0.46. P
C 0.09). and positively correlated with microhabitat
diversity (r, = 0.47, P < 0.08).

Our analysis of environmental variation within the
site also showed that high-flow events (N = 34) were
not evenly distributed over the years of the study period
(Fig. 3). Although the mean number of high-ilow  events
did not differ significantly among seasons, there were
significantly fewer high-flow events per year during D
(2 = 0.7 * 1 SD) than in either PR (2 = 4.3 It  2.1
SD) or PO (x = 4.5 t 3.1 SD) periods.

Effects of environmenta l  var ia t ion ,  habi ta t  l imi ta t ion ,
and predat ion  on assemblage  s t ruc ture

We observed a total of 16 species in the study site
(Table 3). The total number of species per sample
ranged from a high of 13 species in Autumn 1986 to
a low of 7 species in Summer 1983, 1990, and Spring
1984 (Fig. 2). There were no significant differences in
the mean total number of species among seasonal sam-
ples, which ranged from 10.0 in Autumn to 8.7 in
Spring (Fig. 2). We obtained a similar result for the
mean number of abundant species per seasonal sample
(range 6.6-7.0  species). In hydrologic analyses, the to-
tal number of species was significantly higher during
D (2 = 11.3, p < 0.10) than in PR collections (x =
8.0). Samples from PO were intermediate (x = 9.3),
and did not differ significantly from either PR or D
samples. There were no significant differences in the
number of abundant species during the three hydrologic
periods. These results indicate that environmental vari-
ation in the form of the drought had a substantial effect
on the total number of species present in the site, and
hence, the results contradict the prediction of Hypoth-
esis 1 and support Hypothesis 6.

The correlation analysis between environmental
variables and the number of species in the site yielded
limited results. There were no significant correlations
between either the total number of species or the num-
ber of abundant species, and (1) water temperature, (2)
microhabitat availability (i.e., score of a seasonal sam-
ple on PC 1, PC2, or PC4). or (3) microhabitat diversity.
In addition, the number of abundant species was not
significantly correlated with total habitat availability.
However, the total number of species was inversely
correlated with total habitat availability (i.e., depth, r,. .
= -0.48, P < 0.07). and not surprisingly, positively
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TABLE I. Seasonal water temperature measurements made during fish microhabitat

Spring

Year
1984
1988
1990

Summer
Temperature

Dates (x + SD) Year
22 Mar to 24 Apr 8.7 -c 0.9b 1983 11 Jul
28 Apr to 27 May 11.6 2 0.8’ 1984 5 Jul
26 Apr to 11 May 12.5 t 2.1’ 1986 2 0 Au

1988 5 A u
1989 8 Au
1990 4 Au
1992 2 6 Au

Notes: We compared seasonal means using Kruskal-Wallis  and Tukey-Kramer  a
with the same superscript are not significantly different. Samples were not collectel
for further details.

correlated with the number of abundant species (r, =
0.50. P < 0.06). The lack of a positive correlation
between the total  number of species or number of abun-
dant species and total habitat or microhabitat avail-
ability or microhabitat diversity indicates that Hypoth-
esis 2 can be rejected. In fact, the inverse correlation
between the total number of species and total habitat
availabil i ty runs counter  to the predict ion of the habitat
l imitat ion hypothesis ,  and consequently,  lends support
to the environmental variation hypothesis (i.e., Hy-
pothesis  7) .

The cluster analysis grouped numerical abundance
data on the basis of hydrologic period rather than sea-
son or year (Fig. 4). Hence, hydrologic variation in the
site had a stronger impact  on this  assemblage than sea-
sonal or annual cycles of habitat availability. With the
exception of Autumn 1984, and Summer 1989 and 1990
data,  samples from each hydrologic period were located
in separate terminal clusters, although in the case of
both D and PO data, more than one cluster was pro-
duced for each period.  Autumn 1984 (PR) grouped with
PO samples, whereas Summer 1989 (PO) and 1990
(PO) clustered with PR samples.  Drought  samples pos-
sessed the most dist inct  assemblage structure,  whereas
PR and PO periods were more similar (Fig. 4). Intra-
specific numerical  abundance data suggested that  these
relationships were produced by changes in the abun-
dance of‘several species (e.g., N.  micropogon, E.  blen-
nioides, N. leuciodus) that either first appeared (N. mi-
cropogon, N. leuciodus,  P. .  evades and Lepomis  sp.) or
emigrated (E. bfennioides) during the drought (Table
3). Patterns within a hydrologic period were similar to
those among periods. Seasonal assemblage structure
patterns during the PR and PO period were the most
similar, whereas D samples were the least similar (Fig.
4). Summer samples for both D and PO periods clus-
tered separately from other seasons in these periods.
These differences probably were caused by the annual
emigration of C. anomaium and A. rupestris from the
site during summer (Table 3). In conclusion, results
from both cluster and correlation analyses suggest  that
Hypotheses 1 and 2 (i.e., environmental variation has
little effect on assemblage structure, or intraspecific

variation in abundr
findings support I
mental variation h.
tcra).

Predators (i.e.,
215  cm SL and C
ingofatotalof  16
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TABLE 1. Extended.

Autumn

Year
1983
1984
1986
1989
1990
1992

Temperature
Dates (x 2 SD)

26 Ott to 9 Nov 10.6 jl 0.7’
26 Sep to 1 Nov 14.0 2 1.8’

9 Nov to 19 Nov 11.7 t 2.1”
1 3 act to 19 Ott 13.3 2 1.3”b
1 6 Ott to 1 Nov 10.4 2 1.9b
27 Ott 9.5’

from downstream habitats, because they do not occur
in upstream areas (0. D. Grossman and R. E. Ratajczak,
unpublished data).  It is possible that the positive
drought-related effects detected (i.e., increases in both
the total number of species and abundances of five
resident species) were caused either by the physical
changes observed in the site (e.g., decreased velocity,
increased depositional substrata), or by the marked re-
duction in high-tlow  events recorded during the
drought (Fig. 3). It is also worth noting that seven of
the nine species that either increased in abundance or
entered the site for the first time during the drought,
were members of the two water-column microhabitat
guilds. Once again, environmental variation was much
more strongly associated with changes in assemblage
structure and intraspecific variations in numerical
abundance than either habitat limitation or predation.

Despite the increases in abundance displayed by
many species during and after the drought, the re-
maining species did not respond in a similar manner.
In fact, a majority of resident benthic species either
did not increase in abundance (e.g., C. bairdi,  R.  ca-
rurucrae. and C. anomafwn)  or appeared to emigrate
from the study site (i.e., E. blennioides)  during the
drought (Table 3). Etheostoma  blennioides returned to
the study site during PO although its abundance was
lower than in PR. We only observed A, rupesfris  and
Cyprinella gulactura  (iV = 1) during the PO period
(Table 3). . . \

\
b

1983 1984 1986 1966  1989 1990 1992

F IG.  2 . (A) Variations in total habitat availability #depth
C I SD) and microhabitat diversity (pooled standard devia-
tions of PCs 1. 2. and 4).  and (B) variations in total number
of species present. and the number of abundant species (abun-
dance 25)  in the study site during the course of our study.
Samples were not collected in 1985, 1987. and 1991.

Effects of environmental variation, habitat limitation,
and predation on microhabitat use and overlap

Canonical analysis of discriminants (CAD) produced
significant axes from all fish microhabitat use samples.
In nine of eleven samples (PR samples were presented
in Grossman and Freeman 1987) a single axis was ex-
tracted, whereas two axes were derived from the re-
maining two samples. Although some species did not
always fall neatly into a group along the CAD axes,

TA B L E  2 . PCA test for significant differences in microhabitat availability among both seasons and hydrologic periods.

Signifi- Variance
cant explained Variables (loadings in parentheses) Signiticant differences

component (%) for significant components Season Hydrologic period

1 25 % silt (-0.71). % debris (-0.53). % sand (-0.44). sp > s PO > PR.D
mean. velocity (0.85). 96 cobble (0.5 I).  I gravel
(0.41)

2 1 8 % cobble (-0.63). % gravel (-0.56). 46 bedrock N S PO>PR>D
(0.60). % boulder (0.58)

4 1 2 % boulder (-0.51). depth (0.44) A>S N S

Notes: Seasons and hydrologic periods are abbreviated as follows: Sp = Spring, S = Summer, A = Autumn, PR = Pre-
drought, D = Drought.  PO = Post-drought. We tested for significant differences in mean component scores of seasons or
hydrologic periods using Kruskal-Wallis  tests followed by Tukey-Kramer a posteriori tests. See Merho&  for further details.
We only present data for variables with loadings k 10.401 on components. .
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Year
FIG.  3. The number of high-flow events (i.e., 22.1 m%)

observed between 1982 and 1992 at Weir 8. Shope Fork. An
event of this magnitude has a recurrence interval of one year
in Coweeta Creek.

we observed two general patterns of interspecific mi-
crohabitat use (Figs. 5 and 6): (1) a two-guild structure
including benthic and mid-water-column guilds (S90,
S92, A92) that occasionally included a single species
occupying the lower water column (S86, S89) and (2)
a three-guild structure including, benthic, lower-water-
column, and mid-water-column guilds (A86, Sp88,
S88, A89, Sp90, A90). Guilds were defined as groups
of species that generally did not differ significantly on
canonical axes of microhabitat use data, e.g., Fig. 5.
Species comprising the benthic guild (C. bairdi.  E.
blennioides, H. nigricans, and large [i.e.. >45  mm] R.
cururacrue)  were found: (1) on or close to the substra-
tum and shelter, (2) at lower focal point velocities, and
(3) generally in shallower water than members of the
water-column guilds. In contrast, members of the mid-
water-column guild (C. funduloides, L coccogenis, N.

leuciodus, 0. mykiss,  and S. utromuculutus) character-
istically occupied: (1) microhabitats far from the sub-
stratum and shelter, (2) higher focal point velocities,
and (3) typically greater depths than benthic species.
Members of the lower-water-column guild included A.
rupestr is ,  C.  unomulum,  N.  micropogon,  and small (i .e. .
<45  mm) R. cuzurucrue.  These species occupied mi-
crohabitats with characteristics intermediate between
benthic and mid-water-column guilds. Members of the
benthic and mid-water-column guilds generally were
statistically distinguishable from each other. In con-
trast, members of the lower-water-column guild fre-
quently were not separable from one or more members
of either the benthic or mid-water-column guilds (Figs.
5 and 6). Given the high level of microhabitat overlap
exhibited within this assemblage (Figs. 5 and 6), we
can reject Hypothesis 3.

Species generally remained within a single micro-
habitat guild during the study; however, we also ob-
served exceptions to this pattern (e.g., H. nigricuns in
A89. Sp90 and A90, C. funduloides in Sp88 and A89.
and N. micropogon in S89). Although most members
of the same guild did not  exhibit  s ignificant  differences
in microhabitat use, several within-guild differences
did occur (Figs. 5 and 6). Within the mid-water-column
guild, L coccogenis typically occurred farther from
both shelter and the substratum, in deeper locations
with higher velocities than C. funduloides. During
Summer 1988, H. nigricuns (benthic guild) occupied
deeper areas with greater quantities of boulders than
either C. buirdi or R. curuructue.  We obtained similar
results when mid-water-column guild members L coc-
cogenis and S. utromuculutus (i.e., deeper with more

TABLE 3. Visual numerical abundance estimates for species in the study site. Abundance categories are as follows: 0. 0
specimens observed; 1. l-5 specimens observed; 2. 6-10 specimens observed; 3, 11-20 specimens observed; 4,

Residency Summer Autumn Spring Summer Autumn Summer
Species class 1983 1983 1984 1984 1984 1986

&Ambloplites  rupestris 0.0 2 0.0 0.0 2 0.0 0.0 z 0.0 0.0 c 0.0 0.0 z 0.0 0.0 f 0.0
- Campostoma anomalum$

:
0.0 + 0.0 0.7 2 0.5 1.0 2.05  0.0 2 0.0 2.1 2 1.3 0.0 + 0.0

‘Clinostomus finduloides 3.0 h 1.4 3.1 c 0.2 3.8 f 0.3 2.6 2 1.1 4.0 -c 0.0 4.0 2 0.0
Scottus bairdi :: 2.1 2 0.0 2.3 + 0.8 1.9 2 0.6 3.0 2 0.0 3.0 2 0.6 4.0 2 0.0
-Etheostoma  blennioides R 0.5 2 0.0 0.3 + 0.5 0.1 I! 0.3 0.8 2 0.5 1.0 c 0.0 0.7 2 0.5
0 Hypentelium nigricans R 0.0 -c  0.0 0.3 2 0.5 0.0 2 0.0 0.2 + 0.5 0.5 z 0.6 0.7 + 0.5
*ocomis  micropogon

ii
0.0 2 0.0 0.0 ?z  0.0 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 3.5 2 0.6

-Luxilus  coccogenis 0.5 2 0.6 0.6 z 0.5 0.5 2 0.5 0.4 c 0.5 1.6 t 0.8 0.5 2 0.6
rrNotropis  leuciodus i 0.0 c 0.0 0.0 + 0.0 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 0.7 5 1.0

@Per&a 4ncorhyncfws  evades
mykiss 0.5 z 0.6 0.7 2 0.5 0.9 c 0.3 1.0 2 0.0 1.1 2 0.4 1.3 2 0.5

S 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 0.0 2 0.0 0.5 2 0.6
--Rhinichthys  cataractae R 0.5 + 0.6 0.7 2 0.5 0.9 c 0.3 1.0 f 0.0 1.1 z 0.4 1.3 2 0.5
-Semotilus  atromaculatus R 1.0 2 0.0 0.5 2 0.6 0.0 2 0.0 0.4 2 0.5 0.6 c 0.5 1.7 2 0.5

Mean abundance (5  SD) 0.6 2 0.9 0.7 2 0.9 0.7 2 1.1 0.7 2 1.0 1.2 2 1.2 1.5 2 1.4
Number of days fish abun-

dance estimates were
made 4 7 8 5 7 4

Number of days fish micro-
habitat use measurements
were made 5 7 8 7 7 4

t Lepomis  sp., Moxostoma duquesnei and Cyprinella galactura also were occasionally observed in the study site. l *
$ This species was misidentified as C. oligolepis in Grossman and Freeman (1987) and Freeman et al. (1988).
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boulders) were compared to 0. mykiss and C. fur&-
foides  (shallower with fewer boulders). Significant in-
tra-guild differences also were found in Autumn 1989
when: (1) small R. cafarucfae (lower-water-column
guild) occupied shallower locations with more silt than
H. nigricans, C. anomalum, A. rupestris, and  N. mi-
cropogon, (2) H. nigricans  occurred in deeper locations
with less silt than C. bairdi, and (3) N. micropogon
was found in deeper microhabitats with less silt than
C. funduloides.

We detected a variety of significant relationships
among the number of guilds in a season, total number
of species in a sample period, and microhabitat char-
acteristics (i.e., tests of Hypotheses 3, 4, and 8). First,
with the exception of Summer 1986, samples with two
guilds only occurred in PO samples, 57% of which
exhibited this guild structure. Conversely, all D sam-
ples possessed three microhabitat guilds, although 43%
of PO samples also displayed three guilds. (All PR
samples contained two microhabitat guilds, Grossman
and Freeman 1987.) Finally, the number of guilds in a
sample was associated with the number of abundant
species present; samples with two guilds possessed a
mean of 5.75 species, whereas, three-guild samples had
a mean of 7.8 species.

The level of microhabitat overlap exhibited by as-
semblage members was high, and the mean percentage
of significant intra-guild differences across all samples
was only 26% (Fig. 7).  a value that did not differ sig-
nificantly on the basis of either season or hydrologic
period. This result confirms our earlier finding that Hy-
pothesis 3 can be rejected. In addition, there were no
significant correlations between the mean percentage

of significant intra-guild differences and: (1) water tem-
perature. (2) either total habitat or microhabitat avail-
ability, (3) total number species, or (4) number of abun-
dant species. This evidence provides support for Hy-
pothesis 7, and leads us to reject Hypothesis 4. Finally,
the mean percentage of significant intra-guild differ-
ences was inversely correlated with microhabitat di-
versity (rr  = -0.54, P C 0.04), although this relation-
ship was not detected in correlation analyses between
the mean percentage of significant intra-guild differ-
ences and the standard deviations of seasonal samples
on PC 1, PC2, or PC4. Nonetheless, the result does lend
some support to the generai, habitat limitation hypoth-
esis.

Effects of potential competitors on microhabitat use
Sample sizes were adequate to test for competitor-

induced shifts in microhabitat use for 15 species pairs.
The majority of microhabitat shifts observed (i.e., 9 of
15) were unambiguously attributable to changes in mi-
crohabitat availability or length-related shifts in mi-
crohabitat use, rather than variations in the abundance
of potential competitors (Table 4, Appendix A). None
of the remaining six shifts were strong and the amount
of variance in microhabitat use explained by these com-
ponents was low, averaging only 16% (range lo-37%).
with only one value >15%.  Thus, even when potential
competitor effects were detected, they only involved
minor axes of microhabitat use (Table 4). Consequent-
ly, this lack of competitor-linked shifts for most species
indicates that habitat limitation probably was not an
important structuring mechanism for this assemblage
(Le., reject Hypothesis 5).

>20 specimens 0bserved.t Species were askgned to a residency class based on the criteria of Freeman et al. (1988); R
= resident, S = seasonal.

Autumn
1986

Summer Summer
1988 1989

Autumn
1989

Summer
1990

Autumn
1990

Summer
1992

Autumn
1992

0.0 t 0.0
3.3 c 0.6
4.0 2 0.0
3.0 2 0.0.
0.7 z 0.6
0.7 t 0.0
3.7 c- 0.6
2.0 z 0.0
1.3 c 0.6
1.7 2 0.6
0.7 c 0.6
0.7 2 0.6
0.3 2 0.6
1.7 2 1.4

0.0 c 0.0
4.0 2 0.0
4.0 c 0.0
2.7 + 0.5
0.0 2 0.0
1.0 2 0.0
3.5 t 0.6
3.3 f 0.5
1.0 2 0.8
1.7 t 1.0
0.0 t 0.0
1.0 t 1.1
0.5 d 0.6
1.7 2 1.6

0.0 2 0.0 0.0 -c 0.0
1.7 2 0.5 0.3 2 0.6
4.0 ?z 0.0 4.0 2 0.0
3.0 2 0.8 2.7 1 0.6
0.0 ‘c 0.0 0.3 f 0.6
1.0 t 0.0 0.7 -t 0.6
3.0 t 0.0 1.3 4 0.6
1.5 2 0.6 1.0 C 1.0
0.3 2 0.5 0.0 f 0.0
1.7 2 0.5 3.0 2 0.0
0.0 2 0.0 0.0 2 0.0
2.0 c 0.8 1.0 4 0.0
2.0 -c 0.8 0.7 2 0.6
1.6 f 1.3 1.2 t 1.3

0.8 ,c 0.5 0.0 2 0.0
3.7 2 0.5 1.5 2 1.0
4.0 c 0.0 4.0 d 0.0
3.3 2 0.6 3.p f: 0.0
0.5 2 0.6 0.0 ,c 0.0
1.0 z 0.0 0.7 ir 0.5
1.0 + 0.8 1.3 2 1.0
3.0 ?I 0.0 2.3 2 0.5
0.0 2 0.0 0.0 2 0.0
2.7 d 0.6 1.3 2 0.5
0.0 c- 0.0 0.0 2 0.0
1.5 c 0.7 0.0 c 0.0
1.0 ?I 0.0 1.3 2 1.0
1.7 ,c 1.4 1.2 2 1.3

0.0 2 0.0
0.0 2 0.0
4.0 c 0.0
2.5 2 0.7
0.0 ‘c 0.0
1.0 r 0.0
0.3 d 0.6
0.0 t 0.0
0.0 2 0.0
1.7 c 0.6
0.0 t 0.0
1.0 f 0.0
1.3 t 0.6
0.9 -c 1.2

1.0 t 0.0
1.7 z 0.6
4.0 -c 0.0
3.0 2 0.0
0.0 f 0.0
0.7 2 0.6
0.7 c 0.6
2.3 c 1.7
0.0 2 0.0
2.0 2 0.0
0.0 z 0.0
1.3 c, 0.6
0.7 2 0.6
1.3 -c 1.2

0.0 -c 0.0
0.3 -c 0.6 :::
4.0 f 0.0 4.0
2.0 2 1.0 2.0
0.0 + 0.0 0.0
0.7 + 0.6 1.0
0.7 f: 0.6 0.0
3.7 r 0.6 4.0
0.3 2 0.6 1.0
3.0 2 1.0
0.0 2 0.0 El
2.0 ?z 1.0 0:o
1.3 c, 0.6 0.0
1.4 -c 1.4 1.4 c 1.5

3 4 4 3 4 4 3 3 3 1

3 4 4 3 4 4 4 4 3 1

. .
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FIG. 4. A dendrogram of seasonal (1983-1992) Cowceta Creek assemblage structure (i.e., numerical abundances of species)
samples based on the Unweighted Pair-Group Means algorithm. Sample abbreviations denote seasons and years (Sp  = spring,
S = summer.  and A = autumn). R2  represents the level of similarity among samples and is interpreted as the square of the
correlation coefficient among samples:

Nonetheless, we will discuss the six shifts in micro-
habitat use associated with changes in the abundance
of potential competitors: (1) C. funduloides vs. N. mi-
cropogon. (2) C. jhduloides  vs. 0. mykiss,  (3) C. fin-
duloides vs .  S.  atromaculatus,  (4)  L.  coccogenis  vs .  N.
micropogon, (5) 0. mykiss  vs. S. atromaculatus, and
(6) S. atromacularus vs. N. micropogon). Five of the
six shifts involved two species as the potential com-
petitor (N. micropogon and S. arromacularus);  species
whose peak abundances occurred during the drought
(Table 3) when microhabitat availability also differed
significantly from PR and PO seasons (Table 2). Con-
sequently,  even these results were correlated with vari-
ations in microhabitat availability (Table 4, Appendix
A), and could not be unambiguously linked to abun-
dance variations of potential competitors.

Of the changes related to variations in the abundance
of N. micropogon, when N. micropogon was common
or present at intermediate abundance, L. coccogenis
occurred at higher average and focal point velocities,
farther from the substratum over less sand and si l t  than
when N. micropogon ‘was rare (Table 4). In addition,
this  species also occupied shal lower microhabitats  with
more cobble and gravel and less boulder when N. mi-
cropogon was common than when it was rare or oc-
curred at intermediate abundance. Changes in micro-
habitat availability and length-related shifts in micro-
habitat use could have affected these results, because
when N. micropogon was present at  intermediate abun-
dances the habitat  possessed higher average velocities
with more cobble and less sand and silt than when this
species was common (Appendix 1). The mean length
of L. coccogenis also was signif icantly larger in seasons
when N. micropogon was present at  intermediate abun-
dances than when it was common or rare (Table 4).
Pooled length-related microhabitat use data showed
that larger L.. coccogenis generally occupied deeper lo-
cations, over less cobble and boulder than smaller
members of this species (Grossman and Ratajczak
1998). During Autumn 1986, larger L+.  coccogenis also
were found farther from the substratum, at faster av-
erage and focal-point velocities than smaller members
of this species, although the opposite result was ob-

served in several  PO samples (Grossman and Ratajczak
1998).  Consequently,  al though L. coccogenis exhibi ted
some evidence of a microhabitat shift in the absence
of N. micropogon, it is likely that changes in both mi-
crohabitat availability and length-related microhabitat
shif ts  inf luenced this  resul t .

Similarly, when N. micropogon was common, S.
atromaculatus occurred over more bedrock and less
gravel then when N. micropogon was rare (Table 4).
Once again, these results may have been affected by
variat ions in microhabitat  availabil i ty,  because the hab-
itat had higher average velocities and more cobble tid
less sand when N. micropogon was common than when
it was rare (Appendix A). The only shift that was not
associated with changes in habitat  availabil i ty occurred
between C. jhduloides  and N. micropogon. When N.
micropogon was common and present at intermediate
abundances, C. finduloides occurred over less boulder
than when N. micropogon was rare. The fitness con-
sequences of this shift are uncertain.

Competition-related shifts associated with S. atro-
maculatus were as follows. Fit, when S. atromacu-
latus was common, 0. mykiss  occurred closer to the
substratum over slightly more cobble (intermediate
only) and gravel (rare only), and less boulder, than
when S. atromaculatus was rare or intermediate in
abundance. Nonetheless,  the habitat  was shallower with
lower average velocities when S. atromaculatus was
common ,than  when it was rare or intermediate (Ap-
pendix A). Second, when S. arromacularus  was com-
mon, C.  finduloides  occupied microhabitats .  with more
bedrock and less gravel and boulder than when S. atro-
macularus  was present at  intermediate abundances. An
identical relationship was observed between seasons
when S. atromaculatus was present at intermediate
abundances (more bedrock and less gravel and boulder)
and rare. However. when S. atromaculatus was com-
mon, the habitat contained more bedrock and boulder
and less gravel than when S. arromacularus  was rare
or present at intermediate abundances (Table 4, Ap-
pendix A).  In addit ion,  C.funduloides  was signif icant ly
smaller in length when S. atromacularus was common
than when this species was rare or present at inter-
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F IG. 5 . Significant axes from the CAD of interspecific microhabitat use for each fish microhabitat sample. Loadings of
variables for all axes shown are given at the bottom right of the figure. Species abbreviations are as follows: Ar = A, rupestris,
Ca = C. anomalum. Cb = C. bairdi,  Cf = C. finduloides. Eb = E. blennioides,  4-h = H. nigricans,  Lc = L. coccogmis,
Nm = N. mhropogon.  Nl = N, leuciodus, Om = 0. mykiss. Rc = R. cataructae.  Sa = S. atromuculutus.  Species connected
by a solid line did not differ significantly in microhabitat use using Kruskal-Wallis  and Tukey-Kramer  a posteriori tests. An
open circle on the line indicates that the species above differed significantly from the species whose abbreviation is listed
at the end of the line (e.g.. see Ca and Cb in S88).  Values adjacent to physical variables represent the mean loading of that
variable on the component across all seasonal samples (SD in parentheses). Guilds were defined as groups of species whose
patterns of microhabitat use did not differ significantly in a seasonal sample. Samples were not collected during 1985, 1987,
and 1991.

t Percentage gravel was only significantly correlated with axis 1 during A92
$ Mean velocity was only significantly correlated with axis 1 during A86.
8 Depth was not significantly correlated with axis 1 during A86  Sp88,  S88,  S90.  and A92.

11  Focal point velocity was not significantly correlated with axis 1 during Sp88,  S92.

mediate abundances. In one season, smaller C. fun- in the abundance of a potential competitor occurred
duloides occurred over more bedrock and less gravel between 0. mykiss  and C. finduloides. When 0. mykiss
than  larger members of this species although we also was common, C. jbnduloides  occurred in deeper mi-
obtained contrasting results (i.e., less bedrock and more crohabitats farther from shelter and the substratum over
boulder, Grossman and Ratajczak 1998). less bedrock than when 0. mykiss was rare or inter-

The last microhabitat shift correlated with variations mediate in abundance. However, when 0. mykiss  was 5
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FIG. 6. Seasons for which a second significant canonical
axis was extracted from interspecific microhabitat data. See
Fig. 5 for further details.

common, the habitat  had greater mean depth and higher
average velocity than when 0. mykiss  was present at
intermediate abundances (Table 4. Appendix A). In ad-
dition, C. findufoides  were significantly smaller when
0. mykiss  was common or present at  intermediate abun-
dances than when it was rare (Table 4). and smaller C.
fhndufoides  occurred farther from shelter than larger
specimens (Grossman and Ratajczak 1998).

Our analysis of the effects of interspecific compe-
tition on microhabitat use was strongly affected by the
fact that both microhabitat availability and mean
lengths of the species being examined varied concur-
rently with competitor abundance. Thus, although six
of fifteen interspecific comparisons elucidated shifts
that could have been related to interspecific competi-
tion, the majority of evidence suggests that other fac-
tors (e.g., microhabitat availability and length-related
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shif ts  in microhabitat  use)  played a stronger role in the
production of these differences. Consequently, we do
not believe that habitat limitation, in the form of in-
terspecific competition for spatial resources, had a
strong effect  on microhabitat  use by assemblage mem-
bers .

Effec ts  of  predators  on microhabi ta t  u s e

Our analyses of predator-related shifts in microhab-
itat use (i.e., Hypothesis 9) indicated “that most shifts
between samples when predators were present (hence-
forth predator samples) and absent (predator-absent
samples) were due to significant differences in either
microhabitat  availabil i ty (predator vs.  predator-absent)
or standard length of the potential  prey species (Table
5, Appendix B).  In fact,  six of the nine predator samples
occurred during the hydrologic period with the most
distinct microhabitat availability characteristics (i.e.,
PO), whereas only one of seven predator-absent sam-
ples occurred during PO. Hence, although we have pre-
sented all  data in Table 5,  we only describe results that
were at least partially attributable to’the  presence or
absence of predators.

Three of four benthic species exhibited microhabitat
shifts in predator analyses. The differences displayed
by the three species (i.e., C. bairdi,  C.  anomafum, and
R. cataractae) all were attributable to either length-
related shifts in microhabitat  use or seasonal (i .e. ,  pred-
ator-present vs.  predator-absent) changes in microhab-
itat availability (Table 5, Appendix B). Etheostoma
blennioides  did not exhibit significant differences in
microhabitat  use between predator-absent and predator
seasons.

Predator-related shifts in microhabitat use by water-
column species were similar to those observed in ben-
thic  fishes.  In predator samples,  L. cohogenis  occupied
deeper microhabitats  with more boulder and less cobble
and gravel (Table 5). The difference in depth may have
been caused by length-related microhabitat shifts (Ta-
ble 5). because larger L. coccogenis tended to be more

9
‘f 60 50 F IG. 7 . The mean percentage o f significant

i
intra-guild differences in microhabitat use by

5 40 assemblage members.  Samples were not col-
lected in 1985.

&&

1987. and 1991.3 0
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abundant in predator samples and also sometimes oc-
cupied deeper microhabitats than smaller L coccogenis
(Grossman and Ratajczak 1998). When predators were
present, C. funduloides occurred closer to shelter over
less gravel and sand (Table 5). Differences in the dis-
tance from shelter in predator samples may have been
affected by seasonal changes in microhabitat avail-
ability, because the habitat was deeper in predator sam-
ples and the substratum is the main source of shelter
for these fishes (Appendix B). In addition, the mag-
nitude of this difference was only 1.4 cm (i.e., predator
seasons, mean distance from shelter was 18.8 cm; pred-
ator-absent seasons, distance was 20.1 cm), and prob-
ably within the range of measurement error for our
visual estimation technique. When predators were pres-
ent, small 0. mykiss occupied deeper microhabitats far-
ther from the substratum, but closer to shelter, over less
sand then when they were absent (Table 5). This result
may have been confounded by the fact that we clas-
sified large 0. mykiss as potential predators. Because
large 0. mykiss were present in six of nine predator
samples, it is uncertain whether the microhabitat shift
exhibited by small 0. mykiss  was a consequence of
intraspecific competition with larger conspecifics or a
response to predators. The predator-related microhab-
itat shifts displayed by N. micropogon  were attributable
to either seasonal differences in microhabitat avail-
ability or mean length (Table 5, Appendix B). With the
exception of 0. mykiss,  water-column guild members
did not exhibit predator-related microhabitat shifts that
were either strong or readily interpretable as either eco-
logical or behavioral responses to the presence of a
predator. In conclusion, results for both benthic and
water-column guild members suggest that the presence
of potential predators had little effect on the use of
spatial resources within this assemblage, and as a con-
sequence, Hypothesis 9 can be rejected.

DISCUSSION

The maintenance of  assemblage s tructure

Ecological assemblages are commonly organized
through. one of three mechanisms: (1) resource limi-
tation, (2) predation, and (3) environmental variability
(Menge and Sutherland 1987). Both descriptive and
synthetic aspects of our analysis provided little evi-
dence that two of the three mechanisms (i.e., habitat
limitation and predation) had a strong impact on either
assemblage structure or the utilization of spatial re-
sources within the Coweeta Creek fish assemblage.
This conclusion is based on the following findings.
First, changes in assemblage structure, total number of
species, and fish microhabitat use and overlap, all co-
incided with shifts in the hydrologic regime of the site
(reject Hypothesis 1. confirm Hypotheses 6-8). Sec-
ond, we failed to detect a single significant positive
correlation between either the total number of species,
or number of abundant species and any measure of

habitat availability or microhabitat diversity (reject Hy-
pothesis 2). Third, microhabitat overlap was consis-
tently high and unaffected by factors such as total hab-
itat or microhabitat availability, number of species
present, or changes in the abundance of potential com-
petitors (reject Hypotheses 3-5, confirm Hypothesis 8).
Only two of 60 comparisons between assemblage char-
acteristics and environmental data yielded significant
correlations, and this was less than the number ex-
pected by chance alone at either the 0.10 (N = 6) or
0.05 level (N = 3).  One of these results, the significant
inverse correlation between the number of species pres-
ent and total habitat availability, runs contrary to the
habitat limitation hypothesis, whereas the other (i.e.,
the significant inverse correlation between the mean
percentage of significant intra-guild differences in mi-
crohabitat use and microhabitat diversity) lends some
support to this hypothesis. It bears mention, however,
that the inverse correlation between microhabitat di-
versity and microhabitat partitioning was not signifi-
cant when we compared the mean percentage of sig-
nificant i&a-guild  differences in microhabitat use to
an alternative measure of microhabitat diversity (i.e.,
the unpooled standard deviations of seasonal micro-
habitat availability samples on PCs 1, 2. and 4 of the
microhabitat availability analysis).

We also are reluctant to give much credence ‘to the
inverse relationship between the percentage of signif-
icant intra-guild differences in microhabitat use-mi-
crohabitat diversity relationship, because we were un-
able to detect strong niche shifts by potential compet-
itors in interspecific microhabitat analyses. Conse-
quently, we suggest that it is unlikely that either total
habitat or microhabitat limitation had a strong effect
on either assemblage structure or the use of spatial
resources within the Coweeta Creek fish assemblage.
We also suspect that food limitation does not signifi-
cantly affect the structure of this assemblage, because
Stouder (1990) observed a lack of food-resource par-
titioning during a 19-mo study of this assemblage that
encompassed both drought and pre-drought years. Fi-
nally, the lack of distinct patterns of assemblage struc-
ture or microhabitat use between predator-present and
predator-absent samples suggest that this organization-
al mechanism also does not have a significant impact
on this assemblage (reject Hypothesis 9; also see Gross-
man et al. 1995b).

In contrast to results for resource limitation and pre-
dation, environmental variability in the form of vari-
ation in flow levels did have a substantial effect on
both assemblage structure and microhabitat use in the
Coweeta Creek fish assemblage. For example, hydro-
logic period was the best predictor of assemblage struc-
ture in this system (Fig. 4).  and the total number of
species present was inversely correlated with total hab-
itat availability (mean water-column depth). Variations
in the number of species present were attributable to.,
two changes that occurred during the drought: (1) up-
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TABLE 4. The effects of potential competitors (second species listed in each pair) on microhabitat use by Coweeta Creek
assemblage members (first species listed in each pair).

Species
comparison

Mean length vari- Variables
(cm. SL) ante (loadings in Significant

Samples Signifi- - parentheses) differences
in micro-

R I C
cant corn- plFi;d  for significant

ponents components habitat use Effect

Benthic guild
C. anoma- Sp84 A83 S88 9.1’  9.6’ 10.2’  none sig-

lum vs. A84 sQ88 (55)  (62) (17) nificant
H. nigri-
cans

C.  anoma-
lum vs .
R. cata-
ructac

R. catarac-
tat vs. c.
anoma-
lum

A89
SP90
A90

sp90  spaa A 8 3
A89 Sp84

A04
saa

A90
sa3 spa4
sa4 A84
SS6 spaa
s90 SW
S92 A89

A90

Water-column guild
C. funduloi- St33  A 8 4  Spa8

des VS. L.  A83 S88 A89
coccogc-
nis spa4 sa9 1~sa4

S86 S92
s90 A92

C. fundulo& sa3 sa9 S86
des vs. A83 A89 Spa8
N. micro- Sp84 Sp90  S88
i-won sa4

A84
S90
A 9 0
S 9 2
A92

8.9’ 9 . 3 ’  9 . 6 ’
(8)  (39)  (87)

5.3’ .-- 49
(76) (73)

2

4

2

3

4

5

2

3

1 0

1 3

1 0

15

1 3

1 1

11

1 5

1 3

% cobble (-O-54),  C > I
% gravel (0.58).
% sand (0.55)

% cobble (-0.62). R > C
% boulder
(0.72). depth
(0.5 1). focal
point velocity
(0.42)

I boulder (-0.48). R > C
96 bedrock
$.;$ % gravel

% ~$duoc(;0.70).  R. I > C

(-0.43). % sand
(0.60). % cobble
(0.54). % gravel
(0.52)

% bedrock C>I.R
(-0.41),  distance
from substratum
(0.75). depth
(0.7 1).  distance
from shelter
(0.44)

% cobble (-0.64), R. I > C
distance from
shelter (0.61). 96
bedrock (0.47).
46 sand (0.42)

% boulder (-0.59). I > R
% gravel
(-0.40). % bed-
rock (0.46)

% boulder (-0.70),  C > I
% bedrock
(-0.43). % sand
(0.60). % cobble
(0.54). % gravel
(0.52)

% bedrock I>R,C
(-0.41). distance
from substratum
(0.75).  depth
(0.71),  distance
from shelter
(0.44)

NS

U

L. HA

L. HA

L. HA

L, HA

L. HA

L, HA

‘..
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Species Sami-‘--
comparison R I C

L&eaa lengthL .

(cm. SL)
Vari- Variables
ance (loadings in Significant

Signifi- ex- parentheses) differences
cant corn- pl$;d for significant in micro-

ponents components habitat use Effect

c. S83 S84 S89 6.1a 5.7b 5Sb
A83 A84 A89  (114) (285) (154)

 mykiss  Sp84  S86  A 9 0
Sp%%  S Q 2

S88 A92
SpQO

SQO

C. jhduloi- A83 S83 S%%
des vs. S. Sp84  S86
atromacu- S84  A89
l a t u s A84 SQN

Sp%%  SQO
S89 S Q 2

AQO’
A92

L. cocco- spa4 A89  s p a 8
genis  vs . A 8 4  A90  S88
N.  micro- SQ2 S89
pogon A92 A89

L. co&- spa4 A 8 4  S%%
genis vs. sQ88  A89  S89
S. atro- A90 Sp90
macu- s92
l a t u s

N. micropo-
gon vs.
0. mykiss

~86  s88
Sp%%  S89

A89
%QQo
A90

7.8’ %.7b  7.3’
(64  (3%) (63)

6.9’ %.2b  7.Qb
(32) (84) (39)

. . . 7 . 0 ’  Q.2b
( 4 7 )  w

5

2

3

5

5

1

2

2

3

4

5

11

1 5

1 3

11

11

1 9

1 %

1 %

11

11

10

% boulder I,C>R
(-0.59). %
gravel (-0.40).
% bedrock
(0.46)

% boulder I>C
;;:.t %

(-0.43). 8
sand (0.60),  %
cobble (0.54),
% gravel (0.52)

% bedrock C>I.R
(-0.41). dis-
tance from sub-
stratum (0.75).
depth (0.7.1).
distance from
shelter (0.44)

%I  boulder I>R
(-0.59). 96
gravel (-0.40).
% bedrock
(0.46)

% boulder C>I>R
(-0.59). %
gwdc-,“.“I.

(0.46)

46 silt (-0.55). % I. C > R
s a n d  ( - 0 . 4 % ) .
focal point ve-
locity (0.82).
mean velocity
(0.79). distance
from substratum
(0.41)

% boulder C>I.R
;-y;;* ZPth

cib<le  (0.69).
% gravel (0.57)

% boulder R>I
;-y& $Pth

cobble  iO.70).
% gravel (0.53)

% gravel (-0.77). C > I
% sand
;$O.l), depth

% bedrock C>I
(-0.4%). dis-
tance from sub-
stratum (0.71),
5 % sand (0.57)

% cobble (-0.46),  C > I
% bedrock
(0.76),  distance
from substratum

L, co

u

L, HA, CO

U

HA, L, C O

HA. L, CO

HA, L, CO

U

u

U

U

(0.44)
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Mean length Vari- Variables
(cm. SL) ante (loadings in Significant

differences
Species Samples P S i g n i f i -  ex- parentheses)

cant corn- plained in micro-
comparison R I c

for significant
ponents (I) comoonents habitat use Effect

N. micropo-  Spa8 S86 7.3’ . . - 83’ none sig-
gon vs. S88 (25) (82) n&ant
S. atro- S89
macu- A89
latus sp90

A90
0. mykiss S86 S84 Sp84

vs. L. s90 s a 9  A 8 4
9.8* 6.Sb 9 . 8 ’  n o n e  sig-
(18) (36) (162) nificant

cocco- Spa8
genis saa

A89
sp90
A90
S92
A92

0. mykiss Sp84 S89 S86 9.4* 1 0 . 7 ’  7.4b 1
vs. N. mi- S84 A89 Sp88 (86)  ( 7 0 )  (60)
cropogon  A 8 4  A 9 0  S88. -

s90 sp90
S92
A92

N S

N S

23 U% silt (-0.61). % I > R > C
sand (-0.5 1), %
debris (-0.45).
mean velocity
(0.76). focal
point velocitv
$.;$ depth

% cobble (-0.57). I > R, C

0. mykiss Sp84 S84 A84 9.7’ 9.2’ 9.2’ 1
vs. S. at- S 8 9  Sp88  S 8 6 (40) (103) (73)
romacu- A 9 2  A 8 9  St38
latus A90 Sp90

S 9 2  S90

1 4

23

2 14

S. atromac- S83
ulatus  vs. sa4
N. micro- A84
POgOtl  s90

S86 9.4’ . . . 9.8’ 5 10
S88 (30) (69)
sa9
A89

sp90

% gravel
(-0.50),  % boul-
der (0.61). dis-
tance from sub-
stratum (0.47)

% silt (-0.61). % N S

sand (-0.5 1). 96
debris (-0.45).
mean velocity
(0.76). focal
point velocity
(0.74). deoth
(0.65j  -

% cobble (-0.57). R, I > C
% gravei
(-0.50). % boul-
der (0.61),  dis-
tance from sub-
stratum (0.47)

% gravel (-0.59). C > R
% bedrock
(0.53). % debris
(0.42)

U

N S

HA, CO

HA. CO

Notes: Seasons were classified as (1)  competitor rare (R, competitor abundance =
being examined), (2) competitor intermediate (I. competitor abundance =

O-244 of the abundance of the species
25-49% of the species being examined), or (3)

competitor common (C. competitor abundance b 50% of the species being examined). Microhabitat availability analyses
tested for significant differences in the microhabitat characteristics of samples when competitor abundances were rare (R).
intermediate (I), or common (C) (see Appendix A). Variables that loaded significantly on components but did not differ
(univariate data) among treatments by more than our estimated margin of error (i.e ., 22% for substratum data) were not
included in our results. We only present data for variables with loadings h IO.40 I on components. We also compared the
mean lengths of the species being examined during R. I, and C seasons. For both microhabitat availability and length analyses
we tested mean scores on significant components using Rruskal-Wallis  and ‘Rekey-Kramer  a posteriori tests. Samples with
the same superscript are not significantly different. Abbreviations for the Effect column are as follows: HA = shifts due to
differences in habitat availability between R, I. and C seasons; L = shifts due to differences in mean length of the species
examined in R, I. and C seasons coupled with length-specific changes in microhabitat use, CO = interspecific competition,
and U = shifts were not interpretable within the context of interspecific competition; NS =
more than one effect denotes the possibility of multiple causal agents.

not significant. The presence of
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TABLE 5. The effects of potential predators on microhabitat use by Coweeta Creek assemblage members.

Species

Mean length
(cm. SL)

Component

vari-
ante ex-
plained

W)

Variables (loadings in
parentheses) for

significant components

Signifi-
cant

differ-
encest  Effect

Benthic guild
C. anomalum 9.2’ 10.1s 4

(94)  ( 4 0 )
C. bairdi 5.1b  4

:;i;, (195)
E.  b lennioides 7 .4 ’ 6.3’ none significant

(22)  ( 1 3 )
R. cataractae 4.1’ 5.5b  1

(67) (82)

2

Water-column guild
C .  funduloides  5.7’ 5.8’ 2

(316) (237)

4

5

L. coccogenis 7.58 2
Ku (44)

IV.  m i c r o p o g o n  8.7’ 7.6b  1
(60) (47)

3

0. mykiss 5.3’ 5.5’ 2
(55) (45)

4

10

I1

29

1 3

I5

11

11

1 8

1 9

11

16

1 1

%  cobble (-0.54). %  gravel (0.58). %  A > P
sand (0.55)

%  boulder (-0.69),  %  bedrock (0.57). A > P
distance from shelter (0.57)

Mean velocity (-0.79),  %  cobble P>A
(-0.59). %  gravel (-0.46). %  silt
0.86). distance from substratum
(0.74). distance from shelter (0.6 1).
9i sand (0.51),  %  debris (0.45)

%  cobble (-0.62). %  boulder (0.72). A > P
depth (0.5 1). focal point velocity
(0.42)

%  boulder (-0.70). %  bedrock A>P
(-O-43),  96 sand (0.60). %  cobble
(0.54). %  gravel (0.52)

%  cobble (-0.64). distance from shel-  A > P
ter (0.61). 46 bedrock (0.47). 96
sand (0.42)

%  boulder (-0.59). %  grave1 (-0.40). P > A
%  bedrock (0.46)

%  boulder (-0.76). depth (-0.59). % A > P
cobble (0.69). %  gravel (0.57)

%  silt (-0.63). %  debris (-0.55). P>A
mean velocity (0.88). focal point
velocity (0.46). depth (0.43)

8 grave1 (-tj.77).  %  sand (-0.51). P>A
depth (0.43)

%  cobble F-0.70). distance from sub- P > A
stratum (0.70). %  boulder (0.56).
depth (0.49)

%  sand (0.48). distance from shelter A>P
ww

HA, L

HA, L

N S

HA. L

HA, L

HA, Pd

P d

HA. Pd

L, Ed

HA, L

HA, L

HA, Pd

HA. Pd

Notes: Samples were classified as either predators absent (A) if predators were not present or predators present (P) if any
of the following species were found: A. rupestris  (al5 cm), S. azromucukatus  (Z  15 cm). or 0. mykiss  (220  cm). Samples
with fewer than five prey individuals were deleted from the analysis. We tested for significant predator effects by comparing
mean component scores of P and A seasons using Wilcoxon  tests. Microhabitat availability analyses tested for significant
differences in the microhabitat characteristics of seasons when predators were present and absent (see Appendix B). We also
tested for differences in mean lengths between P and A samples using Wilcoxon  tests. Values with the same letter were not
significantly different. Variables that loaded significantly (i.e., zz IO.40 I) on components but did not differ (univariate data)
among treatment groups by more than our estimated margin of error (see Methods) were included in the table but not described
in the t&t.  Abbreviations for Effect column wem  as follows: HA = habitat availability, L = length, and Pd = predator.
Multiple abbreviations indicate the possibility of multiple causal factors. Predators were present during S83, A84,  Sp88,
Su89. A89,  Sp90.  S90.  A90,  and A92. and absent in A83, Sp84, S84,  S86. S88, and S92. See Methods for further details.

t A86 data were not included in these analyses because we were unable to collect habitat availability data for this sample.

stream migration of species normally resident to lower crohabitat use by resident species. In addition, given
sections of the creek (i.e., Lopomis  sp., M. duquesni, that many resident species increased in abundance dur-
N. micropogon, N. levciodus, and P. evades) and (2) ing the drought, it seems unlikely that downstream spe-
downstream emigration by E. blennioides (Table 3). ties had a strong negative impact on residents of the
Consequently, even though habitat availability de- study site. These findings lend further support to our
creased significantly during the drought, the study site suggestion that habitat was not a limiting resource
became habitable for several downstream residents within the study site, and that assemblage structure was
(i.e., N. micropogon. N. leuciodus,  and P. evades), and determined primarily by the interaction between flow-
uninhabitable for only one resident species (i.e., E. induced habitat variation and the behavioral, morpho-
blennioides). There was no evidence, however, that mi- logical, and physiological capabilities of assemblage
grants from downstream had a strong impact on mi- members. .
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Although migrants from downstream appeared to
have little effect on the abundance of resident species
or their patterns of microhabitat use, we cannot assume
that the converse is true, nor are our data adequate to
test for such effects. It is possible that during periods
of high or normal flow (e.g., PR or PO), downstream
residents were excluded from the study site because
residents are superior competitors for trophic  or spatial
resources. However, occupation of the study site by the
two most abundant downstream residents through the
PO period, albeit discontinuously (IV. leuciodus) or at
lower abundances (both N.  micropogon and N.  ku-
ciodus),  suggests that this process either is insufficient
to account for the exclusion of downstream species, or
is so weak that species can coexist despite competitive
interactions for time spans of two to four years. In
addition, if competitive interactions between down-
stream and upstream residents are so weak, why were
no migrants observed during PR? These findings lead
us to believe that interspecific competition is not the
primary factor limiting the upstream distribution of
fishes normally resident to downstream areas.

An alternative explanation for the upstream move-
ment of species from downstream is that the distri-
butional limits of these species are set by energetic
constraints (Claussen 1936, Li 1975. Brown et al.
1995). Hence, species ascended Coweeta Creek until
they reached the point at which a constellation of phys-
ical and biological factors (e.g., low temperatures, high
velocities, and decreased ability to capture prey) made
positive energy balance impossible. Nonetheless, the
continued residence of two downstream species in the
site despite the resumption of high mean daily flows
(i.e.. 1989. 1990, and 1992) suggests that the energetic
constraint hypothesis also is insufficient to totally ac-
count for the patterns observed, unless substantial time
lags are involved. Consequently, we are unable to pro-
vide a complete explanation for the observed changes
in the distribution of downstream residents. For the
sake of simplicity, however, we suspect that energetic
constraints played a larger causal role in this phenom-
enon than interspecific competition. In addition, we are
currently pursuing studies that will enable us to directly
assess the effects of factors such as velocity and tem-
perature on the upstream distribution of several down-
stream residents in Coweeta Creek.

Besides producing shifts in the distribution of as-
semblage members, environmental variation also af-
fected the abundance of individual species, although
this effect was dependent upon microhabitat guild
membership. For example, six of the seven species that
increased in abundance during the drought (including
migrant species from downstream) belonged to the wa-
ter-column guilds, whereas only benthic guild members
exhibited either unchanged or decreased abundances.
Although the drought produced reductions in total hab-
itat availability and mean velocity, as well as small
increases in mean water temperature, the most striking

environmental change was the almost cc* .
SatiOU Of high-flow events >2.1  m3/s  (Fib
that the abundances of most species either
(water-column guild members) or remained un,
(most benthic species) during the drought, it
likely that mortality from high-flow events had a s,
ger impact on population size during our study ti2
stresses imposed by low flows. This explanation wa.
originally posited by Freeman et al. (1988) .who  de-
scribed an inverse relationship between survivorship
of both young-of-the-year C. jhnduloides  and 0. mykiss
(the two most abundant water-column fishes in Cow-
eeta Creek) and high flows following the reproductive
period. In addition, Freeman et al. (1988) also noted
the differential effects of high flows on the water-col-
umn and benthic members of this assemblage; popu-
lation sizes of C. bairdi  and R. cataractae (the two
most abundant benthic species) were not strongly af-
fected by either high or low flows during their January
1984 through May 1987 study period. Finally, both the
differential effects of high flows on the abundance of
benthic and water-column species, and the persistence
of these disparate responses through high water years
(i.e., 1989-1992) argues against the possibility that the
observed increases in abundance were an epiphenom-
enon produced by the concentration of specimens dur-
ing the drought.

A variety of additional data support the contention
that high Bows may have substantial negative impacts
on fishes in Coweeta Creek. Facey and Grossman
(1990, 1992) have shown that high velocities have a
greater effect on the ecological performance (e.g., en-
ergy expenditure and microhabitat use) of C. fun&-
loides  and 0. mykiss than on C.  bairdi  and R. cafar-
actae. Hill and Grossman (1987) also documented that
high tlows were capable of displacing C. fiutduloides
downstream out of their home ranges, whereas high
flows had little effect on the movements of C. bairdi
or R. cataractae. In addition, Hill and Grossman ( 1993)
demonstrated that the decrease in foraging success ex-
perienced by C. funduloides  and 0. mykiss at high ve-
locities was the primary factor affecting optimal mi-
crohabitat choice in these species. Hence, counter to
our initial expectation that the drought would have a
significant negative effect on assemblage members. it
appears to have facilitated survivorship in many water-
column species, probably via a reduction in the dele-
terious impacts of high flows (i.e., increased mortality,
decreased foraging success, increased energetic costs,
etc.).

Variability in flows has been shown to affect the
structure of many stream fish assemblages (Starrett
1951. Larimore et al 1959, Deacon 1961, Horowitz
1978, Schlosser 1985, &man  et al 1988, Schlosser and
Ebel 1989, Pusey et al. 1993, Poff and Allan 1995)
primarily through its effect on mortality and subsequent. .
recruitment. In fact, several authors have suggested mat _
the unpredictable nature of floods and droughts coupled

/
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with their strong potential impacts on the stream biota
may play a dominant role in the organization of stream
fish assemblages (Horowitz 1978, Grossman et al.
1982, Poff and Allan 1995). Subsequent research has
identified streams in which hydrologic variability has
a great influence on the ecological characteristics of
fish assemblages (Fausch and Bramblett 1991, Strange
et al. 1992, Poff and Allen 1995). whereas others have
concluded that this process has little impact (Meffe and
Minckley 1987, Matthews et al. 1988, Meffe and Berra
1988). Schlosser (1987) suggested that stream fish as-
semblages in the Midwestern United States are orga-
nized via a regulatory continuum. Environmental un-
predictability plays a dominant role in headwater
streams, whereas competition and predation are more
important downstream. Schlosser and Ebel(1989) pro-
vided evidence to support this prediction; however, oth-
er studies demonstrate that environmental variability
can have a substantial impact on the structure of stream
fish assemblages in larger streams (Capone  and Kush-
lan 1991, Fausch and Bramblett 1991). even in the
Midwestern United States (Grossman et al. 1982,
Grossman et al. 1990, Poff and Allen 1995).

It is common for researchers to fail to detect rela-
tionships between fish species diversity or total number
of species present and microhabitat availability or di-
versity in streams (Angermeier and Schlosser 1989,
Bart 1989). Grossman et al. (1982). Schlosser (1982).
and Angermeier and Schlosser (1989) all suggest that
the presence of such relationships is unlikely  if envi-
ronmental variability reduces stream fish populations
to levels below which resource limitation occurs. None-
theless, other researchers have identified streams in
which habitat availability/diversity is a good predictor
of: (1) the number of fish species present, (2) fish spe-
cies diversity, or (3) assemblage composition (Gorman
and Karr 1978, Angermeier and Karr 1984, Meffe and
Sheldon 1988, Angermeier and Schlosser 1989, and
Pusey et al. 1993, 1995). It is possible that these dis-
crepancies are due to differences in the relative phys-
icochemical stability of the systems examined.

kicrohabitat  use and overlap

Despite reasonably high species diversity, stream
fish assemblages in the Northern Hemisphere typically
are dominated by members of a few families (e.g., Cy-
prinidae, Pcrcidae, Cottidae, Salmonidae, and Cato-
stomidae). For example, we observed a total of 16 spe-
cies in Cowecta Creek all of which were members of
the aforementioned families. Despite the common evo-
lutionary history of taxonomically similar species, and
the increased likelihood of interspecific competition,
the members of many stream fish assemblages exhibit
a lack of strong differentiation in microhatitat  use
(Matthews and Hill 1980, Grossman and Freeman
1987, McNeeley 1987, Ross et aI  1987. Bain et al.
1988, Meffe and Sheldon 1988, Bart 1989, Grossman
and de Sostoa 1994a. 6, Brown et al. 1995). Nonethe-

less, other investigators have demonstrated that stream
fishes segregate along a variety of axes including sub-
stratum type (Finger 1982, Daniels 1987, Baltz and
Moyle 1993) and position in the water column (Baker
and Ross 1981, Gorman 1988a, b, Baltz and Moyle
1993). although Baltz and Moyle (1993) have shown
that such segregation is not necessarily a result of in-
terspecific competition. Our data indicate that species
could be classified as members of one of three micro-
habitat guilds: (1) benthic, (2) lower water column, and
(3) mid-water column. Species generally retained mem-
bership in a single guild, and typically were not sta-
tistically differentiable from members of the same
guild. In contrast, members of different guilds gener-
ally were statistically separable, although this was not
always true for members of the lower-water-column
guild. The maintenance of high overlap in microhabitat
use over ecologically significant time scales (i.e., 10
yr) suggests that interspecific competition plays a lim-
ited role in determining microhabitat use within this
assemblage. In fact, because of the many covarying
environmental factors infiuencing  any field study, we
also have examined the interaction between interspe-
cific competition and microhabitat use by the four most
abundant species in this assemblage experimentally
(i.e., benthic guild members, C. bairdi  and R.  catur-
a&e;  mid-water-column guild members, C. fundu10-
ides, and 0. myRiss).  All of these studies failed to find
a significant interspecific effect on the use of spatial
resources by the remaining member of the species pair
(effect of R. caturac&ze  on C. bairdi,  Barrett 1989;
effect of C. bairdi  on R. cataractae, Stouder 1990;
effect of C. fundufoides on 0. mykiss.  Grossman and
Boule  1991; effect of 0. mykiss  on C. funduloides,
Rincon  and Grossman 1998). In addition, neither Bar-
rett (1989) nor Stouder (1990) found that interspecific
competition produced shifts in the use of trophic  re-
sources by either C. bairdi  (vs. R. cataractae) or R.
cuturaclue  (vs. C.  bairdi);  in both cases intraspecific
interactions were much stronger than interspecific ef-
fects. These findings support our conclusion that in-
terspecific competition has little impact on the use of
spatial resources by members of the Coweeta Creek
fish assemblage.

CONCLUSION

Coweeta  Creek exhibits a level of variability in flows

similar to that of many streams in North America (Poff
and Ward 1989). Our data show that environmental
variability manifested through variations in flow had a
much stronger impact on both assemblage structure and
patterns of microhabitat use and overlap than either
habitat limitation or predation. Consequently, we sug-
gest that the ecological patterns observed in this as-
semblage are a product of the interaction between en-
vironmental variation and species-specific evolution-
ary constraints on behavior, morphology, and physi-
ology, It is likely that long-term descriptive studies.
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coupled with both field and laboratory experiments,
will be required to identify the major organizational
processes operating in other animal assemblages. The
need for such s tudies  has been exacerbated by the po-
tential impacts of huge-scale ecological perturbations
such as landscape changes, global warming, and de-
pletion of the ozone layer.
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A P P E N D I X  A
PCA test for significant differences in microhabitat availability data for samples when potential competitors (the second

species listed in each pair) were present at different levels of abundance.

Significant
Variance Variables (loadings in differences in

Component explained parentheses) for microhabitat
Species comparison number (%) significant components availability

Benthic guild
C. anontalum  vs. R. cata- none significant

ractae
R. cataractae vs. C. anoma- 1 25 % silt (-0.75). % debris C>R

lum (-0.52). % sand (-0.48).
mean velocity (0.83X  %

” 1‘\ cobble (0.49)
4 1 2 56 boulder (-0.49),  depth C>R

(0.64). % debris (0.41)
Water-column guild

C. finduloides  vs. L cocco- 1 25 % silt (-0.71). % debris C > R. I
genis (-0.53). % sand (-0.44).

mean velocity (0.85). %
cobble (0.51). % gravel
(0.41)

4 1 2 % boulder (-0.51). depth C>R
(0.W

C.  funduloides vs. N. micro- 1 25 % silt (-0.71). % debris I>R>C
wwn (-0.53). % sand (-0.44).

mean velocity (0.85). %
cobble (0.51),  % gravel
(0.41)

2 1 8 % cobble (-0.63). % gravel R.1  > C
(-0.56). % bedrock (O&l),
% boulder (0.58) ‘.
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I

Species comparison
Comoonent

Variance Variables (loadings in
exolained oarenthescs)  for

sig&ficant  components

Significant
differences in
microhabitat

availability

C. fiuuiuloides  vs. 0. my-
kiss

1 25

C. finduloides  vs. S. arro-
macularus

L. coccogenis vs. N.  micro-
Po8on

L coccogenis vs. S. atro-
MCUhtUS

N. micropogon vs. 0. my-
kiss

1

1 8

1 2

1 8

25

4 11

1 25

2 1 8

4 1 3

0. mykiss  vs. N,  micropo-
8On

1 25

2 1 8

4 1 2

5 11
0. mykiss vs. S. atromacu- 1 25

lams

4 1 2

S.  atromaculatus  vs. N.  mi-
cropogon

1 24

% silt (-0.71). % debris
(-0.53). % sand (-0.44).
mean velocity (0.85). 96
cobble (0.51). I gravel
(0.41)

% cobble (-0.63). % gravel
(-0.56). % bedrock (0.60).
% boulder (0.58)

% boulder (-0.5 I),  depth
(0.W

% cobble (-0.63). 46 gravel
(-0.56). % bedrock (0.60).
46 boulder (0.58)

% silt (-0.71). % debris
(-0.54). % sand (-0.42).
mean velocity (0.85),  %
cobble (0.50)

% sand (0.68),  depth (0.58)

8 silt (-0.72). % debris
(-0.48). % sand (-0.47).
mean velocity (0.83). %
cobble (0.60). % gravel
(0.40)

% gravel (-0.54). % cobble
(-0.51),  % boulder (0.71).
% bedrock (0.74)

0 boulder (-0.47),  depth
(0.76)

% silt (-0.72). % debris
(-0.52). % sand (-0.41).
mean velocity (0.84). %
cobble (0.54),  % gravel
(0.41)

% cobble (-0.59). % gravel
(-0.56),  % boulder (0.65).
% bedrock (0.51)

% boulder (-6.52); depth
(0.59)

96 sand (0.82),  depth (0.43)
% silt (-0.72). 46 debris

(-0.52). W sand (-0.41).
mean velocity (0.84). %
cobble (0.54). % gravel
(0.41)

% boulder (-0.52). depth
(0.59)

% silt (-0.72). % debris
(-0.51). % sand (-0.45).
mean velocity (0.85). %
cobble (0.43)

C>I

C>I

C>I

R, I > C

I>C

R>C

C>I

.
C>I

I>R.C

I>R,C

R.I>C

I>C

R>C
R.1 > C

I>C

C>R

Notes: Seasons were classified as: (1) competitor rare (R), competitor abundance = O-2496 of the abundance of the species
being examined, (2) competitor intermediate (I). competitor abundance = 25-50%  of the species being examined, or (3)
competitor common (C). competitor abundance >50%  of the species being examined. We tested for significant differences
in mean component scores for different competitor abundance classes using Kruskal-Wallis  tests followed by Tukey-Kramer
a posteriori tests. We only present data for variables that had loadings Z IO.40 I on components. See Merho&  for further
details.
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APPENDIX B
PCA test for significant differences in microhabitat availability data between samples where potential predators were present

(P)  or absent (A).

Species
Component

number

Variance
explained

m)
Variables (loadings in parentheses)

for significant components
Significant
differences

Benthic guild
C. anomalum
C. bairdi

E. biennioides

none significant
2

4
2

R. cataractae

3

2

4

Water-column guild
C. funduloides 2

4
L. coccogenis none significant
N. micropogon 1

2

0. mykiss
4
2

1 8

1 2
20

1 4

1 8

1 2

1 8

1 2

25

1 8

1 3
1 7

% cobble (-0.63). % gravel (-0.56). %
bedrock (0.60). % boulder (0.58)

% boulder (-0.51). depth (0.44)
% boulder (-0.60). % bedrock ‘(  -0.57).

% gravel (0.62). 8 cobble (0.59). 8
sand (0.46)

% boulder (-0.71). depth (0.67). % bed-
rock (0.55)

% cobble (-0.66). % gravel (-0.55),  %
bedrock (0.62). % boulder (0.58)

% boulder (-0.49). depth (0.64). % de-
bris (0.41)

% cobble (-0.63),  % graver (-0.56). 96
bedrock (0.60). % boulder (0.58)

% boulder (0.51). depth (0.44)

% silt (-0.72). % debris (-0.48). %
sand (-0.47). mean velocity (0.83). %
cobble (0.60). 96 gravel (0.40)

% gravel (-0.54). % cobble (-0.51). %
boulder (0.71). % bedrock (0.47)

% boulder (-0.47). depth (0.76)
% cobble (-0.62). 46 gravel (0.55). %

bedrock (0.65),  46 boulder (0.49)

P>A

P>A
A>P

P>A

P>A

P>A

P=-A

P>A

P>A

P>A

P>A
P>A

Notes: We tested for significant differences in mean component scores between predator abundance classes using Wilcoxon
tests. We only present data for variables with loadings 2:  IO.40 I on components. See Methods for further details.


